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SUMMARY OF THE ACTIVITY I N  PLASMA PHYSICS 
AT THE UNIVERSITY OF I O W A  UNDER N.A.S.A. G R A N T  
NGL-16-001-043 FROM JUNE 1970  TO THE PRESENT 
( ~ n n u a l  S t a t u s  R e p o r t ,  J u n e  1 9 7 1 )  
The f o l l o w i n g  r e p o r t  i s  d i v i d e d  i n t o  two p a r t s ,  
P a r t  A c o n s i s t s  o f  a b s t r a c t s  o f  t h e o r e t i c a l  p a p e r s  pu."ul%shed 
a n d  s u b m i t t e d  d u r i n g  t h e  above  p e r i o d .  P a r t  B i s  a b s l r a c t , ~  
f r o m  t h e  s p a c e  p h y s i c s  h a l f  o f  t h e  p rog ram.  
P a r t  A .  T h e o r e t i c a l  A b s t r a c t s  
--  -- -- 
1. E l e c t r i c a l  Conducti7riE;y o f  'Weakly Turbul.crai; Plas ?:is 
Y. H, Ick ikaxra  ( v i s i t o r  f rom Bihon  U n i v e r s i t y ,  ' I 'c~lc ;~ o) 
a n d  K .  N i sh ikawa  
P h y s i c s  - o f  F l u i d s  - 14, 569 ( 1 9 7 1 ) .  
The s t a t i c  e l e c t r i c  c o n d u c t  i v i t y  o f  weak ly  turbv.lt-?rA-ts 
p l a s m a s  h a s  b e e n  examined  on t h e  b a s i s  o f  a k i n e t i c  cquaL.iwn 
f o r  t h e  l i n e a r  r e s p o n s e  t o  t h e  o n e - p a r t i c l e  d i s t ~ i b u t k o n  
f u n c t i o n .  W i t h i n  t h e  regilzie o f  n e g l e c t i n g  t h e  mode -coup l ing  
terms, t h e  h i g h - f r e q u e n c y  t u r b u l e n t  f l u c t u a t i o n s  a s s o c i s - ~ e d  
w i t h  t h e  e l e c t r o n  p l a sma  wave g i v e  r i s e  t o  a  m o d i f i c a t i o n  
o f  t h e  o r d i n a r y c o l l ~ i s i o n a l  c o n d u c t i v i t y  t h r o u g h  t h e  
a d i a b a t i c  i n t e r a c t i o n  be tween  t h e  p a r t i c l e s  and  t h e  turbulent 
f l u c t u a t i o n s .  On t h e  o t h e r  h a n d ,  t h e  l o w - f r e q u e n c y  turbulent 
f l u c t u a t i o n  d u e  t o  t h e  i o n  o s c i l l a t i o n  mode d e t e r m i n e s  t h e  
r e l a x a t i o n  p r o c e s s  i n  t h e  s y s t e m  t h r o u g h  t h e  r e s o n a n t  inter- 
a c t i o n ,  and  g i v e s  r i s e  t o  a f i n i t e  c o n d u c t i v i t y  even  i n  t h e  
c o l l i s i o n l e s s  p l a s m a s .  
2 .  E f f e c t s  o f  Bunched I o n  B u r s t s  on A p p a r e n t  N o n l i n e a r  
I o n  A c o u s t i c  Waves 
Y .  H .  I c h i k a w a  ( v i s i t o r  f r o m  Nihon U n i v e r s i t y ,  T o k y o )  
P h y s i c s  - o f  F l u i d s  13, 2541  ( 1 9 7 0 ) .  
The b u n c h i n g  e f f e c t s  o f  i o n s  a t  t h e  e x c i t a t i o n  grid 
i n  a t y p i c a l  i o n  a c o u s t i c  wave e x p e r i m e n t  a r e  examined  by 
a p p l y i n g  t h e  g e n e r a l i z e d  q u a s i l i n e a r  t h e o r y  o f  A l ' t s h b u  and 
Karpman t o  a  s i m p l e  model o f  t h e  g r i d - p l a s m a  s y s t e m .  The 
r e s u l t i n g  bunched  i o n  b u r s t s  e x h i b i t  a m p l i t u d e  m o d u l a t i o n  a t  
a  d i s t a n c e  f a r  f rom t h e  g r i d .  The c h a r a c t e r i s t i c s  o f  this 
a m p l i t u d e  m o d u l a t i o n  a p p e a r  t o  be  s i m i l a r  t o  t h e  r e c e n t l y  
o b s e r v e d  r e s u l t s  o f  S a t o ,  I k e z i ,  T a k a h a s i  and  Y a m a s h i t a ,  who 
i n t e r p r e t e d  t h e i r  r e s u l t s  i n  t e r m s  o f  n o n l i n e a r  Landau damp- 
i n g  o f  i o n  a c o u s t i c  waves .  
3 .  D i s c r e t e  S p e c t r a  and Damped Waves i n  Q u a s i l i n e a r  
Theo ry  
G .  V a h a l a  and  D .  Montgomery 
J o u r n a l  - o f  P lasma P h y s i c s  k ,  677 ( 1 9 7 0 ) .  
The c o n s e q u e n c e s  o f  t h e  q u a s i l i n e a r  e q u a t i o n s  a r e  
e x p l o r e d .  P a r t i c u l a r  a t t e n t i o n  i s  p a i d  t o  t h e  d i f f e r e n c e s  
be tween  t h e  o n e - d i m e n s i o n a l  and  t h e  two- and t h r e e - d i : ~ ~ e n s i o n a l  
c a s e s ,  and  t o  t h e  d i f f e r e n c e s  be tween  t h e  e a s e s  o f  discrete 
and  c o n t i n u o u s  wave-number s p e c t r a .  The p o s s i b i l i t i e s  of 
and  pro:>lems a s s o c i a t e d  w i t h  i n c l u d i n g  damped waves a r e  
t r e a t e d .  The r e l a t i o n  be tween  c o n s e r v a t i o n  l a w s  and  t h e  
' r e s o n a n c e  a p p r o x i m a t i o n t ,  i n  which  t h e  l i m i t  o f  zero g ~ ~ o w t h  
r a t e  f o r  t h e  u n s t a b l e  waves i s  t a k e n  st f i n i t e  t i m e s ,  i s  
c l a r i f i e d .  Numer i ca l  s o l u t i o n s  f o r  t h e  o n e - d i m e n s i o n a l  
c a s e  w i t h  f i n i t e  g rowth  r a t e  a r e  p r e s e n t e d .  
4 .  Comment on N e g a t i v e  D i f f u s i o n  C o e f f i c i e n t s  i a  
Q u a s i - l i n e a r  Theo ry  
D .  Montgomery and  S.  Bodner ( L R L ,  L i v e r m o r e )  
J o u r n a l  - o f  P lasma P h y s i c s  2, 1 3 1  ( 1 9 7 1 ) .  
-- 
A r e c e n t  p a p e r  by K l o z e n b e r g  and  B e r n s t e i n  i s  commented 
upon.  I t  i s  a r g u e d  t h a t  i m p r o p e r  t r e a t m e n t  o f  t h e  perturbed 
e l e c t r o n  d i s t r i b u t i o n  f o r  damped waves h a s  Led t o  a d i f f u s i o n -  
t y p e  e q u a t i o n  w i t h  n e g a t i v e  d i f f u s i o n  c o e f f i c i e n t ,  
5. Brownian Mot ion  f rom B o l t z m a n n ' s  E q u a t i o n  
D ,  Montgomery 
( a c c e p t e d  f o r  p u b l i c a t i o n  by P h y s i c s  - o f  ~ l u i d s )  -- 
Two a p p a r e n t l y  d i s p a r a t e  l i n e s  o f  i n q u i r y  i n  kinetic 
t h e o r y  a r e  shown t o  b e  e q u i v a l e n t :  (1) Brownian m o t i o n  as  
t r e a t e d  by t h e  ( s t o c h a s t i c ) ~ a n ~ e v i n  e q u a t i o n  and Fokke r -  
P l a n c k  e q u a t i o n ;  and  ( 2 )  B o l t z m a n n ' s  e q u a t i o n .  The method 
i s  t o  d e r i v e  t h e  k i n e t i c  e q u a t i o n  f o r  Brownian mo t ion  
t h e  Bol tzmann e q u a t i o n  f o r  a  two-component n e u t r a l  gas  by 
a s i m u l t a n e o u s  e x p a n s i o n  i n  t h e  d e n s i t y  and  mass r a t i o s ,  
6. Relation of Langevin's Equation to Boltzmann's 
Equation in the Theory of Brownian Motion 
D. Montgomery 
Proc. Conf. on Statistical Mechanics (I.u.P.A,P,) 
Chicago, Ill., March 29-April 2, 1971, pp. IV,B - 17V',5. 
[no abstracf] 
7. Theory of the Unmagnetized Plasma 
D. Montgomery 
(to be published by Gordon and Breach, 197L) 
[book; no abstract] 
 his book was completed in September, 1970; a 
detailed synopsis was presented in last year's 
proposal, and copies were mailed to N.A,S.A, 
in September, 1970, ] 
8. Parametric Amplification of ~ l f v 6 n  Waves 
G. Vahala and D. Montgomery 
(accepted for publication by Physics of ~luids) 
- - -,---- 
A coleulatisn describing the paramet~ic amplification 
of ~ l f v 6 n  waves in a cciforn, perfectly-co:~dccticg~ regnc6o . -  
hydrodynamic fluid is reported. The calculation h a s  been 
motivated by a recent experiment of Lehane and P a o l o n l ,  -4 
magnetical-ly-supported uniforrn column of the magnetohg-<-PO- 
dynamic fluid is imagined. to be subjected 'GO an externally- 
imposed, sinusoidally-varying, magnetic field which c z u  be 
idealized as spatially-uniform. It is shown that a certain 
class of ~ l f v g n  waves which have an axial vavelength long 
compared to the radius of the column can be parametrically 
amplified in the case where their frequency and the moduiafing 
frequency satisfy certain integer quotient relations, The 
mathematical behavior is determined by Mathieu equations, 
9. Kinetic Theory of a Two-Dimensional Magnetized Plasma 
G. Vahala and D. Montgomery 
(submitted to Journal of Plasma Physics) 
-
Several features of the equilibrium and non-equilibrium 
statistical mechanics of a two-dimensional plasma in a 
uniform d.c. magnetic field are investigated. The calculstions 
have been motivated by the recent derivation of Bohmqs diffu- 
sion coefficient given by Taylor and McNamara for this s y c t e r n ,  
The charges interact only through electrostatic (logarithmic) 
potentials. The problem is considered both with and without 
the guiding center approximation. With the guiding center 
a p p r o x i m a t i o n ,  a n  a p p r o p r i a t e  L i o u v i l l e  e q u a t i o n  and B B G K Y  
k i e r a r c h y  p r e d i c t  no a p p r o a c h  t o  t h e r m a l  e q u i l i b r i u m  f o r  
t h e  s p a t i a l l y  u n i f o r m  c a s e .  For t h e  s p a t i a l l y  non -un i fo rm 
s i t u a t i o n ,  a g u i d i n g - c e n t e r  " ~ l a s o v "  e q u a t i o n  i s  d i s c u s s e d  
a n d  i s  s o l v e d  i n  s p e c i a l  c a s e s .  The mos t  i n t e r e s t i n g  
f e a t u r e s  o f  t h e r m a l  e q u i l i b r i u m  t h e o r y  ( w i t h  and  w i t h o u t  
t h e  g u i d i n g  c e n t e r  a p p r o x i m a t i o n )  a r e  ( 1 )  a c o l l a p s e  o f  
t h e  s y s t e m  above  a c r i t i c a l  v a l u e  o f  t h e  p l a s m a  p a r a m e t e r ;  
a n d  ( 2 )  a d i v e r g e n c e  i n  t h e  e l e c t r i c  f i e l d  f l u c t u a t i o n  
s p e c t r u m  (minus  t h e  s e l f - e n e r g y  t e r m s )  f o r  s m a l l  p l a s m a  
p a r a m e t e r  a n d  v e r y  l a r g e  s y s t e m s .  F o r  t h e  n o n - e q u i l i b r i u m ,  
n o n - g u i d i n g  c e n t e r  c a s e ,  a  Bol tzmann  e q u a t i o n  and  a  F a k k e r -  
P l a n c k  e q u a t i o n  a r e  d e r i v e d  i n  t h e  a p p r o p r i a t e  l i m i t s ,  T h e  
l a t t e r  i s  more t r a c t a b l e  t h a n  t h e  f o r m e r ,  a n d  c a n  be  shown 
t o  obey  c o n s e r v a t i o n  l a w s  and  a n  H-theorem,  b u t  c o n t a i n s  a 
d i v e r g e n t  i n t e g r a l  which  must  b e  c u t  o f f  on p h y s i c a l  g r o u n d s ,  
S e v e r a l  u n s o l v e d  p r o b l e m s  a r e  p o s e d .  
1 0 .  On t h e  F ree -Ene rgy  E x p a n s i o n  o f  a  C l a s s i c a l  
Coulomb Gas.  I .  
F e r n a n d o  d e l  R i o  and  Hugh E, DeWit t  ( v i s i t o r  from 
L R E ,  L i v e r m o r e )  
( s u b m i t t e d  t o  R e v i s t a  Mexicana ---- F i s i c a )  -- 
The e x p a n s i o n  o f  t h e  f r e e - e n e r g y  i n  t e r m s  o f  n o d a l  
d i a g r a m s  i s  c a r r i e d  e x p l i c i t l y  and  a n a l y t i c a l l y  u p  t o  f i f i b  
o r d e r  f o r  a c l a s s i c a l  s y s t e m  of  c h a r g e d  p a r t i c l e s  i n  a 
n e u t r a l i z i n g  b a c k g r o u n d .  An a p p r o x i m a t i o n  i s  i n t r o d u c e 2  t o  
a v o i d  t h e  e x p a n s i o n  i n  t e r m s  of  t h e  p l a s m a  paralnede-c., and.  
t h u s  a l s o  a v o i d i n g  t h e  d i v e r g e n c e s  t h a t  s u c h  an  e x p a n s i o n  
i n t r o d u c e s .  The  same a ,pp rox ima t ion  i s  u s e d  t o  i n v e s t i g a t e  
t h e  h i g h - d e n s i t y  l i m i t  o f  t h e  l o w - d e n s i t y  e x p a n s i o n .  
11. On t h e  F ree -Ene rgy  E x p a n s i o n  o f  a  C l a s s i c a l  Coulomb 
Gas.  11: The Modal-Ring Term 
Hugh E .  DeWit t  ( v i s i t o r  f rom E R L ,  L i v e r m o r e )  
a n d  F e r n a n d o  d e l  R i o  
( s u b m i t t e d  t o  R e v i s t a  Mexicana  ~ i s i c a )  
The n o d a l  e x p a n s i o n  f o r  t h e  f r e e - e n e r g y  o f  a c l a s s i c a l  
Coulomb g a s ,  i n t r o d u c e d  by Abe, F r i e d m a n  and  Meerou ,  i s  
u s e d  t o  p r o d u c e  r e s u i t s  which  a r e  h o p e f u l l y  m e a n i n g f u l  for 
i n t e r m e d i a t e  v a l u e s  o f  t h e  p l a sma  p a r a m e t e r .  The r e s u l t s  
how no d i v e r g e n c e s  a n d  t h e  c a l c u l a t i o n  o f  t h e  f r e e  energy 
i s  r e d u c e d  t o  a q u a d r a t u r e .  The c o n n e c t i o n  o f  t h i s  result 
t o  t h e  n o d a l  e x p a n s i o n  o f  t h e  p a i r  d i s t r i b u t i o n  f u n c t i o n  i s  
shown e x p l i c i t l y .  
P a r t  B.  I o n o s p h e r i c  a n d  M a g n e t o s p h e r i c  A b s t r a c t s  
--  -
1 2 .  R e c e n t  R o c k e t  M e a s u r e m e n t s  o f  A C  E l e c t r i c  a n d  M a g n e t i c  
F i e l d s  i n  t h e  I o n o s p h e r e  
S .  D .  Shawhan a n d  D .  A .  G u r n e t t  
P l a s m a  Waves i n  S p a c e  a n d  L a p o r a t o r y ,  V a l .  2,, 
-
3 .  0 .  Thomas a n d  B .  J. Lankmark,  e d s . ,  E d i n b u r g h  
-, 
U n i v e r s i t y  P r e s s ,  E d i n b u r g h ,  1970. 
[ n o  a b s t r a c t ]  
C o n j u g a t e  P h o t o e l e c t r o n  I m p a c t  I o n i z a t i o n  
S .  D. Shawhan,  L .  P .  B l o c k ,  a n d  C.-G. F a l t h a m m a r  
3 .  Atmos.  T e r r .  P h y s i c s ,  1 9 7 0 .  
-
The e x c h a n g e  o f  p h o t o e l e c t r o n s  b e t w e e n  i o n o s p h e r e s  i n  
a m a t t e r  o f  m i n u t e s  r a t h e r  t h a n  a t  t h e  s l o w  a m b i p o l a r  s n e e d  
i s  d i s c u s s e d .  It i s  shown t h a t  t h e  e l e c t r o n  d e n s i t y  nay h e  
a f f e c t e d  b y  s e c o n d a r y  p r o c e s s e s  r e s u l t i n g  f r o m  t h e  c o n j ~ l c s t e  
p h o t o e l e c t r o n  f l u x  b u t  n o t  by  t h e  f l u x  i t s e l f .  
The f l u x  s p e c t r u m  o f  c o n j u g a t e  p h o t o e l e c t r o n s  t h r o i l ; h -  
o u t  t h e  d a y  a t  t h e  s o l s t i c e s  f o r  ininimum s o l a r  a c t i v i t y  i s  
c a l - c u l a t e d  f o r  5 T 0  N. g e o g r a p h i c  l a t i t u d e  o v e r  E u r o p e ,  u s i r . ~  
a method  p r e v i o u s l y  employed  b y  H I S B E T .  Sunmer e s c p v i ~ i g  
- 1 -  f l u x  v a l u e s  r a n g e  u p  t o  4 x 10l2 e l e c t r o n s  r n m 2  s e e  - ani 
w i n t e r  v a l u e s  t o  5 x 1 0 1 2  e l e c t r o n s  m-2 s e c - 1 .  C o ~ ~ p a r e d  :.Y 
s p e c i f i c  s o l a r  z e n i t h  a n g l e s  t h e  computed  v a l u e s  a r e  in p o o l  
a g r e e m e n t  >ri-th r e c e n t  s a t e l l i t e  rneasuremenCs . i l p p r c x i ~ n a  L c i  y 
h a l f  o f  t h i s  f l u x  i s  l o s t  by  Coulomb c o l l i s i o n s  z i o n g  t h e  
f i e l d  l i n e  p a t h ,  The r e s u l t i n g  f l u x  a r r i v i n g  st t h e  laccl 
i o n o s p h e r e  p r o d u c e s  i o n i z a t i o n  by i n e l s x t i c  c o l l i s i . o n s  i n  t h e  
a t m o s p h e r e ,  T h i s  a d d i t i o n a l  i o n i z a t i o n  i s  a b o u t  3 %  of  thc 
i o n i z a t i o n  f r o m  l o c a l  p r o c e s s e s  a t  summer noon a n d  48% at 
w i n t e r  n o o n .  D u r i n g  w i n t e r  n i g h t t i m e  t h i s  c o n j u g a t e  photo- 
e l e c t r o n  i o n i z a t i o n  c a n  b e  s i g n i f i c a n t  f o r  s e v e r a l  h o u r s ,  
A l t h o u g h  s m a l l  i n  m a g n i t u d e ,  t h i s  a d d i t i o n a l  i o n i z ~ t i o n  
s h o u l d  s y s t e m a t i c a l l y  m o d i f y  t h e  summer t o t a l  e l e c t r o n  c o ~ ~ t c n t  
d e p e n d i n g  on g e o g r a p h i c  l o c a t i o n .  The l a r g e  s e a s o n a l  d i i f e r -  
e n c e s  i n  t h e  r e l a t i v e  i m p a c t  i o n i z a t i o n  may e x p l a i n  i n  part 
t h e  F - l a y e r  s e a s o n a l  a n o m a l y .  T h i s  s o u r c e  may b e  importans 
f o r  m a i n t a i ~ i n g  a n d  c a u s i n g  e n h a n c e m e n t s  i n  t h e  w i n t e r  n i ~ h t -  
t i m e  i o n o s p h e r e .  
14. An E x p e r i m e n t a l  S t u d y  o f  VLF Mode C o u p l i n g  a n d  
P o l a r i z a t i o n  R e v e r s a l  
P .  R o d r i g u e z  a n d  D .  A .  G u r n e t t  
3 .  Geophys .  R e s . ,  '76, 9 6 0 ,  1 9 7 1 .  
-
Below t h e  p r o t o n  g y r o f r e q u e n c y ,  b o t h  p o l a r i z a t i o n  
r e v e r s a l  a n d  mode c o u p l i n g  o f  t h e  r i g h t  a n d  l e f t  hand  = o d e s  
of propagation can occur. In this paper an experimental 
study of polarization reversal and mode coupling of e l e c - -  
tron and proton whistlers is presented. The occurrence of 
polarization reversal for e whistler signal observed in 
the ionosphere is indicated by the presence of a proxon 
whistler. Mode coupling between the right and left hand 
modes of propagation is indicated by the occurrence of bath 
electron and proton whistler signals at the same frequency, 
Mode coupling is observed to occur most frequen~ly 
over a range of about 35' - 55' magnetic latitude. B e l o w  
about 3 5 O  magnetic latitude, polarization reversal is %be 
predominant effect, whereas above about 5 5 O  magnetic 
latitude neither mode coupling nor polarization reversal 
occur and proton whistlers are not observed. These 
results are compared with existing theories to e x p l e i n  
this latitude dependence. 
15. Theory of the Injun $ VLF Poynting Flux 
Measurements 
S,  R. Mosier, and D. A. Gurnett 
J. Geophys. Res 76, 972, 1971. 
- -, - 
This paper presents the theory of the VLF Poynrjap 
flux measurement technique u s c f i  on the TaJun  5 szzeI : . . i r i ,  
This technique consists of usizg one electric a n t z n l i ~  ::-cd 
one magnetic antenna, both orj-ented perpendicule.r to the [Tea- 
magnetic field and to e a c h  other, to determine the direeilor, 
of the VLF Poynting flux u p  or down the geomagnetic f i c Z d ,  
The conditions for which t h e  Poynting flux d i r e ~ l i o ~  <-tc:-- 
minations are valid are considered, including t h e  eff e c  ,: 
of errors in the magnetic orientatj-on of the r;pa.cccrei": r r ad  
the simultaneous presence of many waves. 
16. Poynting Flux Studies of Hiss with the Injun 5 
Satellite 
S. R. Mosier 
J. Geophys. Res., c, 1713, 1971. 
-
A study of very-low-frequency hiss emissions in  he 
region 677 to 2528 km and 35' to 75O invariannt latitude (in 
the northern hemisphe~e) using the Injun 5 Poynting flux 
measurement technique is presented. Downgoing ELF kiss is 
observed over the entire r e g i  on of altitude-invariant L E T  i t u d e  
space under study, whereas ELF hiss having an upward-directeci 
net Poynting flux is only observed at invariant 1atitud.es 
below about 60'. A new propagation phenomenon is proposed 
in which downgoing ELF hiss may propagate across the plasma- 
pause boundary to lower latitudes and become subsequently 
reflected and trapped within the plasmasphere. Measurements 
i n d i c a t e  t h a t  a t  l e a s t  p a r t  o f  t h e  VLF h i s s  w h i c h  i s  o b s e r v e d  
b y  t h e  I n j u n  5 s a t e l l i t e  mus t  b e  g e n e r a t e d  a b o v e  t h e  InJun 5 
a l t i t u d e  r a n g e .  A new t y p e  o f  s u b - a u r o r a l - z o n e  VLF h i s s  has  
b e e n  o b s e r v e d  c a l l e d  m i d - l a t i t u d e  h i s s .  
17 .  W h i s t l e r s  w i t h  Harmonic  Bands C a u s e d  b y  M u l t i p l e  
S t r o k e  L i g h t n i n g  
R .  R .  Shaw a n d  D .  A .  G u r n e t t  
J. Geophys .  Res  7 6 ,  1 8 5 1 ,  1 9 7 1 .  
- -3 -
W h i s t l e r s  r e c e i v e d  w i t h  t h e  I n j u n  5 s a t e l l i t e  are 
f r e q u e n t l y  o b s e r v e d  Lo h a v e  b a n d s  w i t h  d e c r e a s e d  s i g n a l  
a m p l i t u d e  a t  e q u a l l y  s p a c e d f r e q u e n c y  i n t e r v a l s .  The freq- 
u e n c y  s p a c i n g  b e t w e e n  t h e  b a n d s  i s  t y p i c a l l y  a b o u t  10 to 3 0  
H z .  A s  many a s  30 s u c h  b a n d s  h a v e  b e e n  o b s e r v e d  on a s i n g l e  
w h i s t l e r .  
B e c a u s e  t h e  f r e q u e n c y  s p a c i n g  o f  t h e s e  b a n d s  i s  
c o m p a r a b l e  t o  t h e  g y r o f r e q u e n c y  o f  s e v e r a l  t y p e s  o f  p o s h t 4 i v f  
i o n s  f o u n d  i n  t h e  i o n o s p h e r e  ( - p a r t i c u l a r l y  0" o r  N ~ ~ )  it 
was initially t h o u g h t  t h a t  t h e s e  b a n d s  may b e  p r o d u c e d  by 
8 h o t  plasma e f f e c t  r e s u l t i n g  from w a v e - $ p a r t i c l e  i n t e r o c l : s n r  
a t  h a r m o n i c s  o f  t h e  i o n  g y r o f s e q u e n c y .  S u b s e q u e n t  incesll- 
g a t i o n s ,  p r o m p t e d  by a s u g g e s t i o n  made b y  D r .  R e  L. D o w d e n  at 
t h e  s p r i n g  9970 URSI meeting, h a v e  shown t h a t  t h e  bacdc, ,re 
instead d u e  t o  d o u t 2 e  o r  n z l t i p l e  s t r o k e s  i~ the i - n S t i c b l  
l i g h t n i n g  d i s c h a r g e  w h i c h  r e s u l t  i n  d e s t r u c t i v e  i n t e r i ' c r e r c e  
o f  t h e  w h i s t l e r  s i g n a l  a t  e q u a l l y  s p a c e d  f r e q u e n c y  i n t e r v z l s ,  
The f r e q u e n c y  s p a c i n g  bet..ween t h e  i n t e r ? ?  e r e n c e  b a n d s  i s  [rive-r 
b y  t h e  i n v e r s e  of t h e  t i m e  i n ~ e r v a l  b e t w e e n  t h e  3 ightn;n.; 
s t r o k e s .  T h i s  s i m p l e  e x p l - a n a t i o n  f o r  t h e s e  b a n d s  a c c a ~ r r - i - l s  for 
a  number o f  p e c u l i a r  c h z r a c t c r i c t i c s  w h i c h  c o u l d  n o t  b e  
a c c o u n t e d  f o r  w i t h  Lhe g y r o f r e q u e n c y  h a r m o n i c  j n t e r a c z 5 o n  
h y p o t h e s i s .  
18.  C o l o r  S p e c t r o g r a m s  o f  VLF P o y n t i n g  F l u x  D a t a  
D. A .  G u r n e t t ,  S .  R .  M o s i e r ,  a n d  R .  R .  A n d e r s o n  
J. Geophys .  Res  7 6  3 0 2 2 ,  1 9 7 1  
- - 2 9  .-..-..¶ 
T h i s  p a p e r  d i s c u s s e s  a  new method  o f  p r o c e s s i n g  t h e  
VLF e l e c t r i c  a n d  m a g n e t i c  f i e l d  d a t a  f r o m  t h e  I n j u n  5 satellite 
t o  p r o d u c e  c o l o r  f r e q u e n c y - t i n e  s p e c t r o g r a m s  w i t h  %he c o l o r  
i n d i c a t i n g  t h e  P o y n t i n g  f l u x  d i r e c t i o n ,  u p  o r  down the g e o -  
m a g n e t i c  f i e l d .  The P o y n t i n g  f l u x  s e n s i n g  t e c h n i q u e  used o n  
I n j u n  5 e m p l o y s  o n e  e l e c t r i c  a n t e n n a  a n d  o n e  m a g n e t i c  an t cnx in  
b o t h  o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  g e o m a g n e t i c  f i e l d  a n d  t o  
e a c h  o t h e r .  Wi th  t h i s  a n t e n n a  g e o m e t r y  t h e  P o y n t i n g  f l u x  
d i r e c t i o n ,  up o r  down t h e  g e o m a g n e t i c  f i e l d ,  ccin b e  detcr- 
mined  f r o m  t h e  c r o s s - c o r r e l a t i o n  b e t w e e n  t h e  e l e c t r i c  a n d  
m a g n e t i c  f i e l d  s i g n a l s .  The t e c h n i q u e  u s e d  Lo p r o c e s s  t h e s e  
s i g n a l s  employs  a new t y p e  o f  s p e c t r u m  a n a l y z e r / c r o s s -  
c o r r e l a t o r  t o  d e t e r m i n e  t h e  c r o s s - c o r r e l a t i o n  b e t w e e n  t h e  
e l e c t r i c  and  m a g n e t i c  f i e l d  s i g n a l s  a s  a  f u n c t i o n  o f  f r e q u e n c y  
and  t i m e .  T h e s e  d a t a  c a n  b e  d i s p l a y e d  a s  a  two c o l o r  f r e q u e n c y -  
t i m e  s p e c t r o g r a m  u s i n g  a p p r o p r i a t e  d i s p l a y  t e c h n i q u e s .  A 
s u r v e y  o f  complex  V L F  r a d i o  n o i s e  phenomena a n a l y z e d  u s i n g  
t h i s  t e c h n i q u e  i s  p r e s e n t e d .  
1 9  Doub le  P r o b e  Measurements  o f  D C  E l e c t r i c  F i e l d s  
w i t h  t h e  I n j u n  5  S a t e l l i t e  
D .  P .  Cauffman a n d  D .  A .  G u r n e t t  
J .  Geophys .  Res .  ( a c c e p t e d  f o r  p u b l i c a t i o n ) ,  1 9 7 1 ,  
- -9 
T h i s  p a p e r  r e p o r t s  on t h e  o p e r a t i o n  and  r e s u l t s  o f  the 
d o u b l e - p r o b e  D C  e l e c t r i c  f i e l d  e x p e r i m e n t  on t h e  low a l t i t u d e  
p o l a r  o r b i t i n g  I n J u u  5 s a t e l l i t e .  A t  m i d d l e  and  low 
l a t , i t u d e s ,  v h e r e  t h e  c o n v e c t i o n  e l e c t r i c  f i e l d  i s  generally 
v e r y  s m a l l ,  t h e  o p e r a t i o n  o f  t h e  d o u b l e - p r o b e  e l e c t r i c  f i e l d  
a n t e n n a  i s  i n v e s t i g a t e d  by  c o m p a r i n g  measu red  e l e c t r i c  
f i e l d s  w i t h  t h e  3 xB e l e c t r i c  f i e l d  g e n e r a t e d  by t h e  sa6- 
e l l i t e  n o t i o n  t h r z u g h  t h e  i o n o s p h e r e .  E r r o r s  c a u s e d  by 
s u n l i g h t  shadows on t h e  p r o b e s ,  wake e f f e c t s ,  and  antenna 
impedance  v a r i a t i o n s  are d i s c u s s e d .  
At h i g h  l a t i t u d e s  c o n v e c t i o n  e l e c t r i c  f i e l d s  g l - e a t e r  
t h a n  30 mV/meter ,  a n &  some t imes  g r e c h e r  t h s n  100 Z I Y / T : C ~ : ~ ~ ,  
a r e  f r e q u e n t l y  o b s e r v e d  i n  t h e  a u r o r a l  z o n e ,  A c:ommon f? r " :v rc  
o f  t h e s e  h i g h  l a t i t u d e  c o n v e c t i o n  f i e l d s  i s  t h e  o c c u r ~ e n e e  
o f  a b r u p t  r e v e r s a l s  i n  t h e  e a s t - w e s t  c o n v e c t i o n  v c l o e i t y  at 
a u r o r a l  zone l a t i t u d e s .  F o r  dusk-dawn l o c e l  t i m e s ,  thcse r e -  
v e r s a l s  g e n e r a l l y  c o ~ r e s p o n d  t o  a n  e a s t - w e s t  f l o w  away f r o n  
t h e  s u n  on t h e  h i g h  l a t i t u d e  s i d e  o f  t h e  r e v e r s a l  a n d  t u w ~ r ?  
t h e  s u n  on t h e  l o w  l a t i t u d e  s i d e ,  Over t h e  p o l a r  r e g i o n  
above  t h e  a u r o y a l  zone  t h e  c o n v e c t i o n  v e l o c i t y  i s  u s u a l l y  
s m a l l .  A t  t h e  p l a s m a p a u s e / l i g h t  i o n  t r o u g h  b o u n d a r y  snarl, 
1 0  t o  2 0  rnV/meter, e l e c t r i c  f i e l d  p e r t u r b a t i o n s  a r e  sonetimcs 
o b s e r v e d ,  c o r r e s p o n d i n g  t o  g e n e r a l l y  wes tward  c o n v e c t i o n  
o u t s i d e  t h e  p l a s m a s p h e r e .  
A t  h i g h  a l t i t u d e s ,  a b o v e  a b o u t  1500  km, o v e r  t h e  auroral 
z o n e / p o l a r  c a p  r e g i o n s  i r r e g u l a r  e l e c t r i c  f i e l d  "noise" 
w i t h  a m p l i t u d e s  f rom 1 0  t o  30 mV/meter i s  c o n s i s t e n t l y  ah-- 
s e r v e d .  P o s s i b l e  e x p l a n a t i o n s  o f  t h e  h i g h  a l t i t u d e  electric 
f i e l d  n o i s e  a r e  d i s c u s s e d .  
R e s u l t s  a r e  c o n s i s t e n t  w i t h  measu remen t s  u s i n g  t h e  
b a r i u m  c l o u d  d r i f t  t e c h n i q u e .  C o n v e c t i o n  o b s e r v e d  i s  a l s o  
compared  w i t h  mode l s  o f  m a g n e t o s p h e r i c  s t r u c t u r e  and  with 
mode l s  o f  s u b s t o r m s  a n d  a u r o r a e ,  
2 0 ,  On t h e  D i s t r i b u t i o n  o f  P l a s m a s  a n d  E l e c t r i c  F i e l d s  
Over  t h e  A u r o r a l  Zones  a n d  P o l a r  Caps  
L .  A .  F r a n k  a n d  D .  A .  G u r n e t t  
J .  Geophys .  Res  ( s u b m i t t e d  f o r  p u b l i c a t i o n ) ,  1991, 
- d.f 
S i m u l t a n e o u s  o b s e r v a t i o n s  o f  D C  e l e c t r i c  f i e l d s  
a n d  l o w - e n e r g y  c h a r g e d  p a r t i c l e s  a t ' l o w  a l t i t u d e s  o v e r  t h e  
e a r t h ' s  a u r o r a l  z o n e s  a n d  p o l a r  c a p s  w e r e  o b t a i n e d  w i t h  t h e  
s a t e l l i t e  I n j u n  5 .  S e v e r a l  o f  t h e  p r i n c i p a l  r e s u l t s  f o r  
s e v e r a l  p a s s e s  o f  t h e  s a t e l l i t e  t h r o u g h  t h e  e v e n i n g  a n d  d a w n  
l o c a l  t i m e  s e c t o r s  a r e  s u m m a r i z e d  a s  f o l l o w s .  
1. The m o s t  p r o m i n e n t  f e a t u r e s  o f  t h e  c o n v e c t i o n  
e l e c t r i c  f i e l d s  a r e  r e v e r s a l s  l o c a t e d  a t  h i ~ h  
m a g n e t i c  l a t i t u d e s  i n  t h e  dawn a n d  e v e n i n g  sectors, 
2 ,  The e a s t - w e s t  c o n v e c t i o n  v e l o c i t y  i s  u s u a l l y  
a n t i - s u n w a r d  a t  l a t i t u d e s  a b o v e  t h e  r e v e r s a l  
b o u n d a r y  a n d  s u n w a r d  a t  l a t i t u d e s  b e l o w  t h e  
r e v e r s a l  b o u n d a r y ,  
3.  The c o n v e c t i o n  e l e c t r i c  f i e l d  r e v e r s a l s  i n  t h e  
d a v n  a n d  e v e n i n g  s e c t o r s  a r e  c o i n c i d e n t  w i z h  
t h e  ' t r a p p j  ng b o u ~ ~ d a r y '  f o r  e n e r g e t i c  c l e c i r i ~ n  ;
E > 4 5  kcV, T h i s  t r a p p i n g  b o u n d a r y  i s  observc- 
t i o n a k l y  i d e n t i f  i -ed w i t h  t h e  h i g h - l a t i  tudc ' t , ~ b r m i n - -  
t i o n  o f  rneca.surea"i.)l e e l e c ' c r o n  i n t e n s i t i e s  a s  
v iewed  v i t h  a d e t e c t o r  v i t h  g e n e r G u s  gecn i c t ry  
f a c t o r ,  T h i s  t r a p p i n g  b o u n d a r y  i s  n o t  s y n o l i y s o u s  
w i t h  t h e  h i g h - l a t i t u d e  l i m i t  o f  d u r a b l e  t r 4 ~ ~ ~ \ - ~ i n g ,  
i . e . ,  a n  e l e c t r o n  w i t h  t h e s e  e n e r g i c s  is c o t  
n e c e s s a r i l y  a b l e  t o  e x e c ~ t e  a c o m p l e t e  Lo r  ~ l ~ u Z % n z l  
d r i f t  m o t i o n .  
4 .  Over  the p o l a r  c z p s  t h e  c o n v e c t i o n  v e l o c i t i e s  
a r e  smal l ,  o r  b e l o w  t h e  i n s t , r u m e n t a l  t h r e e h e l d  
o f  t y p i c a l l y  ~ 0 . 7 5  kilometers (set)-l, r c l a L i v e  
t o  t h e  c o n v e c t i o n  v e l o c i t i e s  i n  t h e  v i c i n i t y  ef 
t h e  r e v e r s a l s .  
5 .  The p o l a r  c a p  r e g i o n  i s  c h a r a c t e r i z e d  b y  a n  
a b s e n c e  o f  m e a s u r e a b l e  lo ' t s -energy p r o t o n  a n d  
e l e c t r o n  i n t e n s i t i e s ,  
6 .  I n v e r % e d  'V' p r e c i p i t a t i o n  e v e n t s ,  t r h i e h  a r e  
c h a r a c t e r i z e d  b y  i n c r e a s i n g  a v e r a g e  e l e c t r o r *  
e n e r g i e s  t o  a peak e n e r g y  a n d  a s u b s e q u e n t  d e -  
c r e a s e  i n  e n e r g y  a s  t h e  s a t e l l i t e  p a s s e s  through 
t h i s  i n t e n s e  p r e c i p i t a t i o n  e v e n t ,  a r e  l o c a t e d  near 
o r  a t  t h e  c o n v e c t i o n  f i e l d  r e v e r s a l s  ( a n d  hence 
a l s o  t h e  t r a p p i n g  b o u n d a r i e s )  o r  w i t h i n  regions 
o f  m e a s u r a b l e  c o n v e c t i o n  e l e c t r i c  f i e l d s  p o l e -  
w a r d  o f  t h e  t r a p p i n g  b o u n d s r y .  
7 .  F i e l d - a l i g n e d  e l e c t r o n  a n g u l a r  d i s t r i b u t i o n s  
o c c u r  a t  a n d  a b o v e  t h e  t r a p p i n g  b o u n d a r y  a n d  
w i t h i n  t h e  i n v e r t e d  'V' p r e c i p i t a t i o n  e v e n t s ,  
8.  D i f f u s e  p r e c i p i t a t i o n  z o n e s  o f  e l e c t r o n  a n d  p r o t o n  
i n t e n s i t i e s  w i t h  s p e c t r u m s  s i m i l a r  t o  t h o s e  ob- 
s e r v e d  i n  t h e  n e a r - e a r t h  p l a s m a  s h e e t  a r e  l o c a t e d  
a t  l a t i t u d e s  b e l o w  t h e  t r a p p i n g  b o u n d a r y  a n d  w i t h i n  
t h e  r e g i o n  o f  s u n w a r d  c o n v e c t i o n  v e l o c i t i e s ,  T h e  
r a t i o s  o f  i n t e n s i t i e s  a t  p i t c h  a n g l e s  a = O 0  t o  
t h o s e  m e a s u r e d  a t  a = 90' ( ~ o r t h e r n  h e m i s p h e r e )  
a r e  u s u a l l y  z1. 
9 .  D u r i n g  a  m a g n e t i c  s u b s t o r m  t h e  o v e r a l l  c o n f i -  
g u r a t i o n  o f  t h e  c o n v e c t i o n  v e l o c i t i e s  and. p l a s m a  
r e g i o n s  r e m a i n e d  s i m i l a r  t o  t h o s e  o b s e r v e d  d u r i n g  
q u i e s c e n t  p e r i o d s  e x c e p t  t h a t  c o n v e c t i o n  v e l o c i t i e s  
a n d  p a r t i c l e  i n t e n s i t i e s  i n c r e a s e d  a n d  t h e  loca- 
t i o n s  o f  t h e s e  phenomena i n  m a g n e t i c  l a t i t u d e  
v a r i e d .  
T h e s e  o b s e r v a t i o n s  a r e  i n t e r p r e t e d  i n  t e r m s  o f  a 
m a g n e t o s p h e r i c  mode l  a s  d e d u c e d  f r o m  p l a s m a  o b s e r v a t i o n s  i n  
t h e  d i s t a n t  m a g n e t o s p h e r e  a n d  i n  t e r m s  o f  e s s e n t i a l  elements 
f o r  a n y  c r e d i b l e  t h e o r y  o f  a u r o r a l  a r c s ,  i n  p a r t i c u l a r  
t h o s e  a s s o c i a t e d  w i t h  i n v e r t e d .  ' V '  p r e c i p i t a t i o n  bands, 
2 1 .  VLF h i s s  a n d  R e l a t e d  P l a s m a  O b s e r v a t i o n s  i n  t h e  
P o l a r  M a g n e t o s p h e r e  
D .  A .  G u r n e t t  e n d  L, A .  F r a n k  
J o h  s ( s u b m i t t e d  for p u " b l i c 8 z t i o n )  , 1971 , 
- d 9  
T h i s  p a p e r  p r e s e n t s  a s t u d y  o f  a u r o r a l  z o n e  VLF 
h i s s  a n d  1-ow-energy c h a r g e d  p a r t i c l e  o b s e r v a t i o n s  w i t h  thc 
I n J u n  5 s a t e l l i t e ,  The r e s u l t s  o f  t h i s  s t u d y  p r o v i d c  the 
f i r s t  d i r e c t  v e r i f i c a t i o n  o f  t h e  a s s o c i a t i o p  becweon aurcr8.Z 
,.-, 
z o n e  VLF h i s s  a n d  i n t e n s e  f l u x e s ,  1 0 4  Lo 101 e l e c t r o n s  (cnc- 
s e c - ~ r - e V ) " ~ ,  o f  l o w - e n e r g y  e l e c t r o n s  w i t h  e n e r g i e s  o n  t h e  
o r d e r  o f  1 0 0  eV t o  s e v e r a l  keV,  On t h e  d a y s i d e  o f  t h e  magneto- 
s p h e r e ,  t h e s e  l o w - e n e r g y  e l e c t r o n s  a r e  i d e n t i f i e d  w i t h  t h e  
d a y s i d e  p o l a r  c u s p  r e g i o n  o b s e r v e d  a t  h i g h e r  a l t i t u d e s  with 
t h e  IMP-5 s a t e l l i t e .  A t  o t h e r  l o c a . 1  t i m e s ,  t h r o u g h  t h e  d a w n  
a n d  d u s k  r e g i o n s  a n d  i n t o  t h e  n i g h t s i d - e  o f  t h e  m a g n e t o s : ) b e r e ,  
t h e  VLF h i s s  a n d  l o w - e n e r g y  e l e c t r o n  p r e c i p i t a t i o n  r e g i o r s  
a r e  b e l i e v e d  t o  c o r r e s p o n d  t o  t h e  e x t e n s i o n  o f  t h e  Gayside 
p o l a r  c u s p  i n t o  t h e  d i s t a n t  p l a s m a  s h e e t  a n d  d o w n s t r e a m  
m a g n e t o s h e a t h  on  t h e  n i g h t s i d e  o f  t h e  m a g n e t o s p h e r e .  Intense 
f l u x e s  o f  u p g o i n g  e l e c t r o n s  a r e  o f t e n  o b s e r v e d  i n  a narrow 
l a t i t u d i n e l  b a n d  n e a r  t h e  l o w - e n e r g y  e l e c t r o n  p r e c i p i t a t i o n  
b a n d s .  T h e s e  u p g o i n g  e l e c t r o n s  a r e  b e l i e v e d  t o  b e  a , s s o e i a t e d  
w i t h  a n o t h e r  t y p e  o f  VLF e m i s s i o n  c a l l e d  a s a u c e r ,  w h i c h  i s  
f r e q u e n t l y  o b s e r v e d  w i t h  I n j u n  5 .  
On t h e  b a s i s  o f  p r e s e n t  m o d e l s ,  t h e  o b s e r v e d  VLF 
h i s s  i n t e n s i t i e s  c a n n o t  b e  a c c o u n t e d  f o r  by i n c o h e r e n t  
C e r e n k o v  r a d i a t i o n  f r o m  t h e  o b s e r v e d  e l e c t r o n  f l u x e s ,  i n -  
d i c a t i n g  t h a t  a c o h e r e n t  p l a s m a  i n s t a b i l i t y  rnechanisxa i s  
i n v o l v e d  i n  some,  i f  n o t  a l l ,  o f  t h e  VLF h i s s  g e n e r a t i o n ,  
A m o d e l  f o r  t h e  g e n e r a t i o n  r e g i o n s  o f  VLF h i s s  a n d  satl.eer 
e m i s s i o n s  i s  d i s c u s s e d .  
